Marcus inverted region effects, we chose 1 (Zn", Fe"') as the benchmark for comparison with 2(Zn", Fe"') and 3(Zn", Fe"'). The less exoergic 1 (Zn", Fe"') thus sets a lower limit for relative coupling enhancement provided by a H-bond interface relative to one composed entirely of a bonds. The evaluated rate constants for the photoinduced ET reactions of both the less exoergic 1 (Zn", Fe"') and the more exoergic 5(Zn", Fe"') exceed that evaluated for 2(Zn", Fe"'). 30 . Significantly different librational motions of the bridge with respect to D and A can also attenuate electronic coupling. Two such types of motion need to be considered. The first involves librations about the porphyrin-to-phenyl bond that is part of the ET pathway. It is known that the magnitude of electronic coupling follows an approximate cos 6 dependence, where 0 is the dihedral angle between the porphyrin and aryl planes; the fact that single exponential decay is observed in the ET kinetics for such systems reflects a rate constant for the "average N. Beratan, ibid. 108, 4321 (1986); (18) ]. Because the distribution of dihedral angles 0 will be the same for compounds 1 (Zn", Fe"'), 2(Zn", Fe"'), and 3(Zn", Fe"'), the electronic coupling between the porphyrin and the meso aryl group is invariant. Similarly, the calculated barriers to rotation of the central portion of each bridge with respect to its pendant aryl rings is -3.0 kcal mole 1 (MOPAC 6.0; J. J. P. (Fe"iP/Fe"P) = -560 mV; (1ZnP*/ZnP) = 2.09 eV. For 2(Zn", Fell) and 3(Zn", Fe"'), electrochemical and photophysical parameters were based on measurements carried out with [5-(4'-methoxyphenyl sol accumulation and acid rain resulting from reduction and coalescence of sulfates. The Permian-Triassic (P-T) mass extinctions were the most catastrophic in the geologic record, with as many as 90% of marine species and 70% of terrestrial vertebrate families dying out (6, 7) along with significant floral extinctions (8) . Global circumstances attending the extinctions are not well understood. Oxidation of carbon and rapid influx of radiogenic strontium into the oceans most likely resulted from a major sea level drop (regression) that coincided with the extinctions (9, 10) . These phenomena are consistent with short-term global cooling and ice cap expansion (11) and also with a pulse of acid rain, as has been inferred at the CretaceousTertiary (K-T) boundary (12) . Unlike the K-T boundary, no compelling evidence for a bolide impact at P-T time is known. Although several researchers have inferred a correlation between the P-T boundary and the Siberian traps (10, 11, 13, 14) , uncertainty in the age of the boundary has hindered confidence in the correlation. Here, we demonstrate that the two phenomena were synchronous within several hundred thousand years.
The Siberian traps represent the most voluminous known continental flood volcanism in Earth's history, with an original volume estimated at 2 X 106 to 3 X 106 km3 distributed over 2.5 x 106 km2 in central Siberia. The traps' volcanic succession overlies Permian strata and is in turn overlaid by Triassic strata (15) , although the biostratigraphy is based on sparse terrestrial faunas. The principal magmatic activity was of short duration (-1 My) and occurred about 250 million years ago (Ma) (11, 13, 14, 16, 17 The low probability of age difference between these two events strongly supports the notion of a causal relation between them. Siberian flood volcanism, perhaps augmented by sulfates derived from evaporites of the Siberian platform, could have produced sufficient stratospheric sulfate aerosols for rapid global cooling to ensue (11) . Resulting ice cap accumulation likely caused the dramatic marine regression, which in turn led to subaerial exposure of the continental shelves. This latter effect would account for the ubiquitous anomalies in C, S, and Sr isotopes. Isotopically light C and S from mantle-derived CO2 and SO2 would also contribute to the observed negative anomalies in 813C and 864S (9) . Ice storage effects plus enhanced erosion of the continental crust could have produced the seawater WO88 enrichments observed at the boundary (22) . Rapid transgression after the boundary would follow from the abrupt cessation of Siberian volcanism and the resulting ice cap recession. Climate recovery may have been enhanced by slower developing greenhouse effects of volcanogenic gases, primarily CO2 (10) . Indeed, a short-lived volcanic winter, followed within several hundred thousand years by greenhouse conditions, would fully explain the environmental extrema that caused the P-T mass extinctions. A complementary mechanism for the regression-transgression cycle centered on the P-T boundary involves the large-scale dynamics of the starting plume head that caused the Siberian flood volcanism. As a plume rises through the mantle, it causes an uplift of Earth's surface (23) . The horizontal scale of this uplift is about 3000 km; this scale length is controlled mainly by the depth of the mantle rather than the size of the plume head, as long as the plume head is less than -1500 km in diameter. This uplift collapses as the plume approaches the surface, spreads horizontally, and begins to produce large volumes of magma (24) . Thus, the plume head model predicts a regression (uplift)-transgression (collapse) cycle of duration -5 to 20 My, roughly centered in time on the flood basalt eruptions.
The central uplift over the plume head itself is expected to be -1 to 3 km, which in the present case would have occurred over a -500-km radius centered on the Siberian traps (24) . On a broader scale of 3000 to 4000 km, dynamic flow calculations yield a regression-transgression amplitude on the order of 10 to 50 m, but the detailed spatial-temporal nature of this signal depends on the size of the plume and the detailed viscosity structure of the mantle beneath Siberia, neither of which is known. Thus it is possible that a considerable fraction of the Pangaean landmass could have been lifted (and subsequently dropped) relative to sea level by as much as 50 m. Plume uplift might have also promoted the formation of a Siberian ice sheet at P-T time, because ice accumulation at high latitudes is very sensitive to continental elevation (25) . Age (Ma) Fig. 3 . Single-crystal apparent ages and age probability spectra (32) Such an ice sheet would lower the sea level globally, as in recent ice ages. Another plausible dynamic effect of the plume would be to induce rapid excursion of Earth's rotational axis from its normal geographic position, potentially causing "true polar wandering" (26) as it ascended quickly through the upper mantle. This could also have contributed to global climate disruption centered on the P-T boundary.
A marked decrease in seawater 87Sr/86Sr (to values <0.707) occurred immediately before the P-T boundary (9) , as precipitously as the rapid rise at the boundary itself. Decreasing values of seawater 87Sr/86Sr indicate an increasing mantle-derived component, as would be caused by an increase in the production of mid-ocean ridge (MOR) basalts. However, heightened MOR activity at this time would produce a transgression rather than a regression; moreover, such activity appears unlikely because of the amalgamated nature of landmasses composing Pangaea at this time. It appears possible instead that isotopically primitive precursory Siberian magmatism represented in the Maimecha-Kotui subprovince, dated at 253.3 ± 2.6 Ma (27) , initiated the decline in seawater 87Sr/86Sr.
All of the aforementioned isotopic anomalies would have been enhanced by the occurrence of acid rain, an expected corollary effect of voluminous basaltic pyroclastic eruptions. The patterns of extinction of terrestrial floras at the boundary (that is, a "fern spike") are consistent with reduced insolation and a pulse of acid rain (8) . The climatic impact of volcanogenic H2S04 depends strongly on whether S02 gas and coalescing droplets are transported rapidly to the stratosphere. The abundance of pyroclastic volcanism in the Siberian traps, perhaps -20% (1 1), provides a logical mechanism for disturbing the tropopause and transporting aerosol beyond the troposphere. The paleolatitude of the Siberian traps (60°to 80%N) was sufficiently high that polar lowering of the tropopause would have made the stratosphere significantly more accessible to volcanogenic aerosol input (5) . Several researchers have concluded that the P-T mass extinctions were protracted (7) or occurred in several pulses (28) (Fig. 1) ring is an example of what Elliott calls a superstructural unit, and it gives rise to IRO in this glass (2) . Evidence for the boroxol ring structure has been obtained from neutron scattering (3), Raman spectroscopy (4), and NMR and nuclear quadrupole resonance (NQR) (5, 6) . These experiments suggest that 70 to 80% of the boron is in the rings, which implies that the glass composition is a mixture of comparable amounts of boroxol rings and nonring B03/2 units. Bray and colleagues have also studied the oxygen sites in B203 glass, using continuous wave 170 NMR (7) . Their spectra could be fit to a two-site model, which is consistent with segregation of the oxygen between ring and nonring B03/2 units.
Recent light-scattering studies (8, 9 ) on a variety of glass formers, including B203, suggest that IRO is universal at the glass transition. Moynihan and Schroeder have proposed that the anomalous light-scattering at the glass transition arises from independently relaxing structural units of linear
